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INTRODUCTION 

Recen t ly  a number of  workers' have s u b j e c t e d  model compounds t o  v a r i o u s  c o a l  
conve r s ion  c o n d i t i o n s  t o  (1) conf i rm t h a t  c e r t a i n  c o a l  s t r u c t u r e s  a r e  r e a c t i v e  
d u r i n g  c o a l  conve r s ion  and (2 )  i n f e r  t h e  conve r s ion  mechanisms o f  r e a l  coals from 
t h e  mechanisms determined f o r  model compounds. Thus,  C o l l i n s  and coworkers  r e c e n t l y  
reported,  t h e  r e s u l t s  of p y r o l y s i s  of many model compounds i n  t e t r a l i n  a t  4OO0C." 
Many, bu t  no t  a l l ,  o f  t h e  r e s u l t s  c a n  be  i n t e r p r e t e d  as r e a c t i o n s  i n v o l v i n g  s t r a i g h t -  
forward un imolecu la r  bond-scission/radical-capping mechanisms o r  a s  r a d i c a l  c h a i n  
r e a c t i o n s  invo lv ing  B-sc i s s ions  o f  a p p r o p r i a t e  bonds. 

I n  one s t r i k i n g  and unexplained e x c e p t i o n , C o l l i n s  observed t h a t ,  a l t hough  
diphenylmethane i s  f o r  p r a c t i c a l  pu rposes  t o t a l l y  u n r e a c t i v e  i n  t e t r a l i n  a t  4OO0C, 
hydroxydiphenylmethanes (HODPM) are conver t ed  t o  t o l u e n e  and phenol r e l a t i v e l y  
r a p i d l y ,  a lmos t  a s  f a s t  as t h e  weakly bonded b i b e n z y l  r e a c t s  t o  form two e q u i v a l e n t s  
o f  t o l u e n e . I a  T h i s  l a b i l i t y  cannot  i n d i c a t e  r e a c t i o n  by t h e  same mode t h a t  b a s  
been shown t o  be o p e r a t i v e  f o r  b i b e n z y l ,  i . e . ,  r a t e - l i m i t i n g  bond s c i s s i o n s  i n  t h e  
o r i g i n a l  model s t r u c t u r e s .  T a b l e  1 l i s t s  t h e  e s t i m a t e d  s t r e n g t h s  o f  t h e  weakest  
bonds of t h e s e  HODPM compounds, e s t i m a t e d  h a l f - l i v e s  f o r  un imolecu la r  s c i s s i o n  of 
t h e s e  bonds, ou r  measured h a l f - l i v e s ,  and obse rved  p r o d u c t s .  The obse rved  r a t e s  o f  
conve r s ion  t o  phenol and to luene  a r e  faster t h a n  t h e  e s t i m a t e d  rates by a f a c t o r  of 
a t  least  l o 6 .  (The good agreement between e s t i m a t e d  and  observed rates f o r  b i b e n z y l  
i n d i c a t e s  both t h e  l e v e l  of  s u c c e s s  expec ted  f o r  moderate  t empera tu re  l i qu id -phase  
p r e d i c t i o n s  based on h i g h  t empera tu re  gas-phase measurements ,  and t h e  good agreement 
between t h e  p r e s e n t  work and t h e  r e s u l t s  of Miller and S t e i n l d  f o r  a "well-behaved' '  
system.) Oddly,  t h e  h a l f - l i v e s  measured i n  o u r  l a b o r a t o r y  f o r  HODPMs are 1 0  t o  20 
times longe r  t h a n  t h o s e  of C o l l i n s ,  b u t  are s t i l l  v e r y  s h o r t  r e l a t i v e  t o  d ipheny l -  
methane. T h i s  h igh  r e a c t i v i t y  o f  the hydroxy la t ed  diphenylmethane l i n k a g e  i s  con- 
s i s t e n t  w i th  ear l ier  o b s e r v a t i o n s  by Depp, S t e v e n s ,  and  Neuworth4 of t h e  p y r o l y s i s  
of 4-pyrenylmethyl-2,6-xylenol, which a l s o  r e s u l t s  i n  c l eavage  (wi th  somewhat less 
s p e c i f i c i t y )  o f  t h e  bond between t h e  methylene group and  t h e  a romat i c  r i n g  b e a r i n g  
t h e  hydroxyl  g roup .  

I t  i s  p a r t i c u l a r l y  s i g n i f i c a n t  t h a t  hydroxydipbenylmethane and hydroxydiphenyl  
e t h e r  s t r u c t u r e s  should be s u s c e p t i b l e  t o  d e g r a d a t i o n  by mechanisms o t h e r  t h a n  t h o s e  
t r a d i t i o n a l l y  invoked i n  donor - so lven t  c o a l  l i q u e f a c t i o n s  because ( 1 ) t h e  t r a d i t i o n a l  
view5 of  c o a l  s t r u c t u r e  i s  t h a t  s i n g l e  methylene g roups  and d ipheny l  e t h e r  s t r u c t u r e s  
are  common c o a l  l i n k a g e s .  
e v i d e n c e  as t o  t h e  importance of Ar-CH,-Ar u n i t s  i n  c o a l s . ) ;  (2) 
t y p i c a l l y  p o s s e s s  one oxygen atom f o r  e v e r y  20 ca rbon  atoms,  w i th  40% t o  60% of t h i s  
oxygen p r e s e n t  a s  p h e n o l i c 4 H ; '  and (3) e l i m i n a t i o n  o f  p a r t  of t h i s  oxygen i s  a 
c r i t i ca l  and time-consuming s t e p  i n  donor - so lven t  l i q u e f a c t i o n  p r o c e s s e s  . I C  l f  

(Recent  d e g r a d a t i o n  s t u d i e s 6  have provided c o n t r a d i c t o r y  
bi tuminous c o a l s  
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Thus,  e l u c i d a t i o n  o f  t h e  mechanism(s) o f  conve r s ion  of t h e s e  s t r u c t u r e s  t o  lower 
molecu la r  weight p r o d u c t s  i n  t e t r a l i n  c o u l d  be  of s i g n i f i c a n t  importance t o  t h e  
t echno logy  of c o a l  c o n v e r s i o n  

MPERI MENTAL 

Reac t ions  were conduc ted  as 5 w t %  s o l u t i o n s  i n  300 p 1  of t e t r a l i n ,  i n  ampoules 
made from 4-mm fused  s i l i ca  t u b i n g  t h a t  had been washed i n  water  and a c e t o n e  and 
d r i e d  by h e a t i n g  unde r  vacuum. When s i l a n i z e d  s i l i c a  s u r f a c e s  were d e s i r e d ,  t h e y  
were p repa red  by t r e a t m e n t  w i t h  hexamethy ld i s i l azane  vapor  a t  2OO0C f o r  one hour .  
Samples were i n t r o d u c e d  and degassed  by e v a c u a t i o n  t o  5 0.1 t o r r ,  f r o z e n  i n  l i q u i d  

N,, s e a l e d ,  and p l aced  wi th  s e v e r a l  c u b i c  c e n t i m e t e r s  o f  t e t r a l i n  i n  steel  t u b e s  
w i t h  Swagelok c a p s .  A t h e r m o s t a t t e d  mol t en  NaN0,-KNO, b a t h  provided s t e a d y  r e a c t i o n  
t empera tu res  (5 0 . 2 ' 0 .  A l l  r e a c t i o n s  were conducted f o r  21 k 3 h o u r s  a t  400 f 1'C. 
Heat-up t ime was < 5 m i n u t e s .  

Samples f o r  g a s  ch romatograph ic  a n a l y s i s  were p repa red  by d i l u t i o n  wi th  t e t r a -  
hydro fu ran  a n d ,  i n  some cases, a d d i t i o n  of a n  i n t e r n a l  s t a n d a r d  t o  de te rmine  mass 
b a l a n c e .  Analyses  were c a r r i e d  o u t  on a H e w l e t t  Packard 5711 gas  chromatograph 
w i t h  a 1.5 m x 2 mm g l a s s  column packed w i t h  5% OV-17 o n  Chromosorb W .  A f lame 
i o n i z a t i o n  d e t e c t o r  w a s  used ., Nonl inea r  = l i b r a t i o n  c u r v e s  were c o n s t r u c t e d  f o r  t h e  
p h e n o l i c  compounds. I d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  peaks was confirmed by 
GC/MS and c a p i l l a r y  G C .  Mass ba lances  ranged from 77% t o  lOS%, u s u a l l y  90% t o  100%. 

Most compounds were purchased from majo r  s u p p l i e r s  and p u r i f i e d  i n  a s u b l i -  

The E-HODPM w a s  p repa red  by t h e  method of Lamartine-Balme e t  a1.' 
mat ion a p p a r a t u s  t o  2 99.5%. 
band columns. 
The o-M@DPM was p r e p a r e d  from b a s i c  o-HODPM and MeI. 

T e t r a l i n  was p u r i f i e d  by d i s t i l l a t i o n  us ing  sp inn ing  

RESULTS AND DISCUSSION 

The most l i k e l y  homogeneous mechanism f o r  conve r s ion  of hydroxydiphenylmethanes 
t o  phenol  and t o l u e n e  i n  a hydrocarbon s o l v e n t  i n v o l v e s  a keto-enol  tautomerism t o  
produce a weakly bonded k e t o  i n t e r m e d i a t e  as shown i n  Scheme 1.  

I - Ia  
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Scheme 1 
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Although t h e  e q u i l i b r i u m  c o n s t a n t  f o r  r e a c t i o n  ( 1 )  (k,/k-,)  i s  - (based On 
est imated,  en tha lpy  d i f f e r e n c e  between t h e  phenol  and ke to  fo rms) ,  un imolecu la r  
s c i s s i o n  ( r e a c t i o n  2) of t h e  ke to- form I a  shou ld  proceed r a p i d l y  s i n c e  t h e  e s t ima ted  
s t r eng th '  o f  t h e  i n d i c a t e d  bond i s  o n l y  - 45 kca l /mole ,  a t  l e a s t  40 kcal/mole less 
than any bond i n  t h e  o r i g i n a l  s t r u c t u r e  (Tab le  1). I f  k-, i s  s u b s t a n t i a l l y  g r e a t e r  
than k,, t h e n  e q u i l i b r i u m  between t h e  e n o l  and k e t o  forms w i l l  be e s t a b l i s h e d  be fo re  
homolysis ,  and t h e  o v e r a l l  r a t e  w i l l  be g iven  by 

- 

Using, as a f i r s t - o r d e r  e s t i m a t e  of  t h e  A- fac to r  A , ,  a v a l u e  equa l  t o  t h a t  observed 
f o r  b i b e n z y l , ' d , z  Equa t ion  1 r e s u l t s  i n  a n  e s t i m a t e d  r a t e  c o n s t a n t  f o r  o v e r a l l  r e a c -  
t i o n  of 1.5 x 
T h i s  agreement i s  c o n s i s t e n t  w i t h  r e a c t l o n  by t h e  mechanism shown i n  Equat ion  1 where 
k-,  >> k, .  
i n  Tab le  2 a s  pe rcen t  r e a c t i o n  and a s  de f ined  f i r s t - o r d e r  r a t e  c o n s t a n t s .  

ve ry  c l o s e  t o  o u r  observed v a l u e  o f  3.3 x sec- '  a t  40OoC. 

Observed r e a c t i o n  r a t e s  of  9- and para-HODPM i n  t e t r a l i n  a r e  l i s t e d  

Table  2 a l s o  shows t h e  r a t e s  of ortho-hydroxydiphenylmethane decomposi t ion  i n  
t h e  p re sence  of s e v e r a l  p o t e n t i a l  he t e rogeneous  c a t a l y s t s .  These d a t a  i n d i c a t e  t h a t  
(1) C-C bond c l eavage  i n  hydroxydiphenylmethanes is s u b j e c t  t o  he te rogeneous  c a t a l y s i s  
by a number of  s u r f a c e s ,  n o t a b l y  i r o n  o x i d e s ,  and (2) n e v e r t h e l e s s ,  t h e  observed 
r a t e s  of C-C bond c l eavage  i n  hydroxydiphenylmethanes, which a r e  t h e  p r i n c i p a l  s u b j e c t  
of t h i s  p a p e r ,  c o n t a i n  no s i g n i f i c a n t  he te rogeneous  component. The l a t t e r  c o n c l u s i o n  
i s  based on f i n d i n g s  (Table  2) t h a t  (1) r a t e s  i n  f u s e d - s i l i c a  and pyrex ampoules a r e  
i d e n t i c a l ,  and (2) s i l a n i z a t i o n  of  t h e  c rushed  f u s e d - s i l i c a ,  which was shown t o  be 
c a t a l y t i c a l l y  a c t i v e ,  markedly r educes  c a t a l y s i s  by t h a t  s u r f a c e .  Unless  o t h e r w i s e  
no ted ,  r e a c t i o n  r a t e s  d i s c u s s e d  i n  t h e  remainder  of t h i s  paper  w i l l  be l i m i t e d  t o  
those  observed i n  t h e  "normal" f u s e d - s i l i c a  ampoules i n  which r a t e - l i m i t i n g  s t e p s  
a r e  pu re ly  homogeneous. 

Reac t ion  v i a  a p re -equ i l ib r ium fol lowed by r a t e - l i m i t i n g  homolys is  i s  a d d i t i o n a l l y  
supported by t h e  fo l lowing  o b s e r v a t i o n s  (Tab le  2 ) .  F i r s t ,  rearrangement  i s  observed 
a t -  10% and 15% of t h e  c l eavage  rates of ortho- and E-HODPM, r e s p e c t i v e l y .  T h i s  
i s  c o n s i s t e n t  with so lvent -caged  r a d i c a l  recombina t ion  of  s t r u c t u r e s  11' and 111' i n  
Scheme 1, i n  which rear rangement  of E-HODPM t o  t h e  ortho isomer i s y a t i s t a l y  
f avored .  The o t h e r  p o s s i b l e  recombina t ion  p r o d u c t ,  benzy lpheny le the r ,  i s  n o t  obse rved ,  
having a h a l f - l i f e  of  l e s s  t han  2 minutes  a t  400°C.'c Second, e - H O D P M ,  f o r  which 
no weakly bonded k e t o  form can be drawn,  i s  s t a b l e  i n  t e t r a l i n  a t  40OoC. 
a t i o n  of +-HODPA4 c o n c e n t r a t i o n  from 0.5 t o  33.3 w t %  i n  t e t r a l i n  and v a r i a t i o n  of 
t h e  e x t e n t  of conve r s ion  from 3% t o  22$, produced no s i g n i f i c a n t  changes ( > 10%) i n  
t h e  d e f i n e d  f i r s t - o r d e r  r a t e  c o n s t a n t .  Thus t h e  r a t e - l i m i t i n g  s t e p  i s  indeed f i r s t  
o r d e r  i n  s u b s t r a t e .  Four th ,  a d d i t i o n  of a c i d s ,  b a s e s ,  and a r a d i c a l  i n i t i a t o r  a s  
p o t e n t i a l  c a t a l y s t s  f o r  t h e  eno l -ke to  e q u i l i b r i u m  f a i l e d  to cause  a s i g n i f i c a n t  (> 15%) 
i n c r e a s e  i n  rate,  i n  acco rd  w i t h  t h e  f a c t  t h a t  a c c e l e r a t i o n  o f  t h e  r a t e  a t  which a 
keto-enol  p re -equ i l ib r ium i s  e s t a b l i s h e d  w i l l  n o t  a f f e c t  t h e  o v e r a l l  r e a c t i o n  r a t e .  
These c a t a l y s t s  were added t o  4 .1% *-HODPM i n  t e t r a l i n  i n  t h e  f o l l o w i n g  amounts:  
phenol (2:l mole r a t i o  t o  s u b s t r a t e ) ,  H,O (10:l t o  20 :1 ) ,  KOH (0.5:1), para - to luene -  
s u l f o n i c  a c i d  ( 0 . 2 5 : 1 ,  u n s t a b l e  a t  400°C),  d i p h e n y l e t h e r  ( 0 . 2 : 1 ) ,  and b ibenzy l  (0.2:l 

T h i r d ,  v a r i -  

t o  1 : l ) .  
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A d d i t i o n a l  and  more d i r e c t  ev idence  t h a t  t h e  r a t e -de te rmin ing  s t e p  i s  unimolec- 
u l a r  s c i s s i o n  of a k e t o  i n t e r m e d i a t e  is provided by t h e  r e a c t i o n  of  t h e  methyl e t h e r  
of ortho-hydroxydiphenylmethane ( e - M e O D P M ) .  
a t  4OO0C gave  a p s e u d o - f i r s t - o r d e r  r a t e  Constant  f o r  d i sappea rance  of s u b s t r a t e  which 
i s  t e n  t i m e s  g r e a t e r  t h a n  t h a t  observed f o r  e - H O D P M .  
HODPM, formed v i a  t h e  r e a c t i o n s  proposed  i n  Scheme 2 .  a t  a rate t h a t . 1 ~  c o n s i s t e n t  
w i t h  t h e  measurements of C o l u s s i ,  Z a b e l ,  and Benson' and  of  C o l l i n s  e t  a1." f o r  t h e  
r a t e  of  homolyt ic  PO-Et bond c l e a v a g e .  

Five p e r c e n t  e - M e O D P M  i n  t e t r a l i n  

The major product  was ortho- 

/ 1 '  

\ OH 

11' cc 

Scheme 2 

The p e r t i n e n t  o b s e r v a t i o n s  a r e  (1) t h e  t o t a l  r a t e  of fo rma t ion  of pheno l s  i s  
s e v e r a l  t imes  t o o  l a r g e  t o  be accounted  f o r  by r e a c t i o n  of HODPM a s  an i n t e r m e d i a t e ,  
and ( 2 )  only o n e - t h i r d  o f  t h e  pheno l i c  p roduc t  i s  phenol ;  t h e  o t h e r  two-thirds  i s  
o r t h o - c r e s o l .  E v i d e n t l y ,  t h e  weakness of  t h e  Ph-Me bond p rov ides  a n  a l t e r n a t i v e  
pathway t o  t h e  k e t o  fo rm:  
caged r a d i c a l  recombina t ion  o r  by a symmetry h inde red  conce r t ed  [1,3] s igma t rop ic  
rearrangement .  T h i s  s h i f t  p roduces  a n  i n t e r m e d i a t e  (Va) analogous t o  t h e  ke to  
tautomer i n  e - H O D P M ,  excep t  t h a t  i n  t h e  p re sen t  c a s e  e s t ab l i shmen t  of a p r e -  
equ i l ib r ium by r e v e r s a l  of t h i s  p rocess  i s  u n l i k e l y  for t h e  fo l lowing  r easons .  
There  i s  no a c i d i c  p r o t o n  t o  be  l o s t  i n  a v e r y  r a p i d  ac id -base  r e a c t i o n ,  and hom- 
o l y t i c  l o s s  of  a b e n z y l i c  r a d i c a l  w i l l  be f avored  by - 15 kcal/mole (1 .e.,  > IO4 
a t  40OoC) o v e r  e i t h e r  homoly t i c  loss of  t h e  methyl r a d i c a l , '  or r e v e r s a l  of a [1,3] 
s h i f t .  Thus fo rma t ion  o f  V a  l e a d s  i n e v i t a b l y  t o  =-creso l  and t o l u e n e  a t  a r a t e  
t h a t  co r re sponds  rough ly  t o  t h e  rate of  PhO-Me homolysis  i n  t h e  star!ing m a t e r i a l .  

- 
methyl  s h i f t s  to t h e  ortho p o s i t i o n ,  e i t h e r  by so lven t -  

Migrat ion of t h e  me thy l  group t o  t h e  r i n g  p o s i t i o n  ipso to t h e  benzyl  group 
seems t o  be f a i r l y  s e l e c t i v e ,  sugges t ed  by t h e  small amounts of 2 formed. 
s e l e c t i v i t y  of  fo rma t ion  of o t h e r  r ea r r anged  noncleaved  p roduc t s  i s  an impor t an t  

f a c t o r  i n  answer ing  t h e  q u e s t i o n  of  whether  methyl g roup  mig ra t ion  is a s c i s s i o n -  
recombinat ion p r o c e s s  or a c o n c e r t e d  r e a c t i o n .  
and  a d i s c u s s i o n  o f  t h i s  q u e s t i o n  w i l l  he  p re sen ted  i n  a subsequent  p u b l i c a t i o n .  

The 

F u r t h e r  d e t a i l s  of t h e s e  r e a c t i o n s  
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The ev idence  p r e s e n t e d  above t h a t  t h e  second and r a t e - l i m i t i n g  s t e p  i s  a un i -  
mo lecu la r  ( i . e . ,  homolyt ic)  s c i s s i o n  r e a c t i o n  p rov ides  no in fo rma t ion  a b o u t  t h e  
mechanism by which t a u t o m e r i c  e q u i l i b r i u m  i s  e s t a b l i s h e d .  
be free r a d i c a l  i n  n a t u r e ,  a s  i n  Scheme 3 ,  i o n i c ,  or s u r f a c e  c a t a l y z e d .  

The e q u i l i b r i u m  cou ld  

Scheme 3 

Tau tomer i za t ion  by t h e  r a d i c a l  c h a i n  mechanism shown i n  Equat ion 4 i s  p l a u s i b l e  
because t e t r a l i n  i s  commonly observed t o  undergo s i g n i f i c a n t  rearrangement  and 
d e g r a d a t i o n  a t  400OC by what have been argued t o  be  r a d i c a l  c h a i n  r e a c t i o n s  i n -  
vo lv ing  t h e  1- and 2 - t e t r a l y l  r a d i c a l s , "  and because exchange of  b e n z y l i c  
hydrogens i s  observed w i t h  c o a l  models even when C-C bond s c i s s i o n  is n o t  
o b s e r v e d . l z  
l i k e l y ,  s i n c e  deu te r ium exchange a t  t h e  e- and para- p o s i t i o n s  of pheno l s  and 
n a p h t h o l s  is  r e p o r t e d  t o  o c c u r  a t  modest r a t e s  i n  t e t r a l i n  even a t  t e m p e r a t u r e s  - 200°C lower t h a n  t h e  t empera tu res  used i n  t h e  study.'' I n  f a c t ,  subsequen t  meas- 
urements  o f  t h e  r a t e s  carbon-oxygen bond c l eavage  i n  t h e  an logous  hydroxydiphenyl  
e t h e r s  r e v e a l  t h a t  t h e  f a s t e s t  t a u t o m e r i z a t i o n  p r o c e s s  o p e r a t i v e  under  t h e  cond i -  
t i o n s  of  t h i s  s t u d y  i n v o l v e  i o n i c  reactions. 

On t h e  o t h e r  hand,  t a u t o m e r i z a t i o n  by an i o n i c  mechanism i s  no  less 

HYDROXYDIPHENYL ETHER DECOMPOSITION 

The behav io r  of 2-hydroxydiphenyl  e t h e r  i s  ana logous  t o  t h a t  of  2- and p-HODPhl i n  
t h a t  c l eavage  of t h e  e t h e r  l i n k a g e  is g r e a t l y  a c c e l e r a t e d  by t h e  p re sence  of  t h e  
hydroxy g roup ,  bu t  d i f f e r s  i n  t h a t  t h e  obse rved  r a t e  i s  more t h a n  t w o  o r d e r s  of 
magnitude t o o  slow t o  r e s u l t  from r a t e - d e t e r m i n i n g  homolysis  of t h e  k e t o  form. 
These r e s u l t s  a r e  i l l u s t r a t e d  i n  T a b l e  3. T h i s  l ack  o f  agreement cou ld  be  a n  
i n d i c a t i o n  t h a t  t h e  g e n e r a l  mechanism shown i n  Equa t ion  1 does  n o t  a p p l y  t o  
d ipheny l  e t h e r s ,  or p o s s i b l y  even t h a t  t h e  agreement  o f  e s t i m a t e d  w i t h  obse rved  
rates f o r  t h e  hydroxydiphenylmethanes was f o r t u i t o u s .  However, t h e  r e s u l t s  des -  
c r i b e d  below show t h a t  t h e  d i sag reemen t  a c t u a l l y  r e s u l t s  from t h e  f a c t  t h a t  i n  t h e  
c a s e  of  hydroxydiphenyl  e t h e r s ,  t a u t o m e r i z a t i o n  i s  s i g n i f i c a n t l y  s lower  t h a n  it  i s  
wi th  t h e  HODPM. I n  c o n t r a s t  t o  ortho-hydroxydiphenylmethane decompos i t ion ,  where 
a d d i t i o n  of a number o f  d i f f e r e n t  a d d i t i v e s  which would be expected t o  a c c e l e r a t e  
t h e  t a u t o m e r i z a t i o n  p r o c e s s  f a i l e d  t o  b r i n g  abou t  any  s i g n i f i c a n t  i n c r e a s e  i n  t h e  
o v e r a l l  decomposi t ion p r o c e s s  ( c o n s i s t e n t  w i t h  a t a u t o m e r i c  p r e - e q u i l i b r i u m ) ,  t h e  
a d d i t i o n  of KOH, p - c r e s o l ,  or a d d i t i o n a l  p-hydroxydiphenyl  e t h e r ,  a l l  r e s u l t e d  i n  
s i g n i f i c a n t  i n c r e a s e s  i n  t h e  r a t e  of decomposi t ion of p-hydroxydiphenyl e t h e r .  
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These  r e s u l t s  a r e  shown i n  T a b l e  3 where I t  c a n  be seen t h a t  i n  t h e  c a s e  Of added 
p-hydroxydiphenyl  e t h e r ,  a 7 - fo ld  i n c r e a s e  i n  s u b s t r a t e  c o n c e n t r a t i o n  r e s u l t e d  i n  
a 5 .5 - fo ld  i n c r e a s e  i n  t h e  d e f i n e d  f i r s t - o r d e r  rate c o n s t a n t  for decompos i t ion .  
T h i s  approaches  t h e  second-o rde r  b e h a v i o r  e x p e c t e d  f o r  i o n i c  t a u t o m e r i z a t i o n  Of 
pheno l s  i n  t e t r a l i n .  

An i o n i c  t a u t o m e r i z a t i o n  p r o c e s s  t h a t  i s  somewhat slower i n  t h e  c a s e  of  
hydroxydiphenyl  e t h e r s  i s  c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  -OR s u b s t i t u t i o n  i s  known 
t o  be d e a c t i v a t i n g  f o r  t h e  r e q u i r e d  e l e c t r o p h i l i c  a t t a c k  i n  t h e  i p s o  ~ 0 s i t i o n . l ~  
On t h e  o t h e r  hand,  i f  t a u t o m e r i z a t i o n  took  p l a c e  v i a  a r a d i c a l  c h a i n  p r o c e s s ,  such  
a s  t h a t  shown i n  E q u a t i o n  4 ,  it would be d i f f i c u l t  t o  r a t i o n a l i z e  such a p r o c e s s  
be ing  s i g n i f i c a n t l y  slower f o r  d i p h e n y l  e t h e r  t h a n  for  d iphenylmethane  s t r u c t u r e s .  

SUhIMARY AND CONCLUSIONS 

The s c i s s i o n  o f  s t r o n g  carbon-carbon and carbon-oxygen bonds i n  hydroxydiphen-  
y lmethanes  and d i p h e n y l  e t h e r s  d u r i n g  r e a c t i o n  i n  t e t r a l i n  a t  4OO0C h a s  been  shown 
to  o c c u r  v i a  i o n i c  t a u t o m e r i z a t i o n  t o  t h e  r e s p e c t i v e  k e t o  forms  which c a n  undergo  
homoly t i c  s c i s s i o n  a t  r a p i d  r a t e s .  I n  t h e  c a s e  o f  t h e  hydroxydiphenylmethanes, t h e  
t a u t o m e r i z a t i o n  i s  r a p i d  and  c o n s t i t u t e s  a p r e - e q u i l i b r i u m ,  b u t  i n  t h e  c a s e  of  
hydroxydiphenyl  e t h e r s ,  t h e  t a u t o m e r i z a t i o n  i s  s lower  and  c o n s t i t u t e s  t h e  p r i n c i p a l  
r a t e - c o n t r o l l i n g  s t e p .  C o n s i s t e n t  w i t h  t h i s  p i c t u r e ,  a d d i t i v e s  known t o  i n c r e a s e  
t h e  r a t e s  o f  r ing-hydrogen  exchange i n  pheno l s  have  no  e f f e c t  on t h e  decompos i t ion  
ra te  of  hydroxydiphenylmethanes, b u t  markedly  a c c e l e r a t e  t h e  r a t e  of C-O bond 
s c i s s i o n  i n  hydroxydiphenyl  e t h e r s .  T h i s  l a t t e r  o b s e r v a t i o n  s u g g e s t s  t h a t  t h e  
sometimes b e n e f i c i a l  e f f e c t s  of  added  pheno l s  i n  c o a l - c o n v e r s i o n  p r o c e s s e s  may be 
d u e ,  i n  p a r t ,  t o  i n c r e a s e d  rates of  t a u t o m e r i z a t i o n  i n  d i p h e n y l  e t h e r  s t r u c t u r e s  
ana logous  t o  t h o s e  s t u d i e d  i n  t h i s  work. F i n a l l y ,  a n  u n d e r s t a n d i n g  of t h e s e  and 
o t h e r  d e t a i l s  o f  t h e  homogeneous decompos i t ion  mechanisms o f  hydroxydiphenylmethanes  
and  hydroxydiphenyl  e t h e r s  now p r o v i d e s  a sound b a s i s  f o r  e l u c i d a t i n g  t h e  mcchanisrn(s) 
of t h e  f a c i l e  he t e rogeneous  c l e a v a g e  t h a t  t a k e s  p l a c e  i n  t h e  p r e s e n c e  of i r o n  o x i d e  
s u r f a c e s .  
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